The choice of strain, culture conditions, composition of medium and size of inoculum all affected the expression of a cholera-toxin-related antigen (CTRA) in Salmonelfa typhimurium. A previous study had shown that the number of organisms expressing CTRA in Casamino acid Yeast Extract (CYE) medium decreased between 4 h and 6 h in uninterrupted culture. In the present experiments, organisms harvested at 4-5 h were subcultured into fresh CYE medium and incubated for a further 2 h; the total number of organisms increased, and the decrease in the proportion of organisms expressing CTRA was reduced. Use of Hartley Digest Broth in place of CYE medium increased the proportion of organisms expressing CTRA in all strains tested, in both the uninterrupted and the subculture procedures. The higher the initial inoculum, the lower was the proportion of organisms expressing CTRA. The presence of the antigen in cells remained constant for about 18 h after transfer from 37°C to 4°C. These data have important implications for the production and purification of CTRA : they show that it was expressed during log-phase of growth, and they suggest that expression was regulated by a non-growth-limiting factor. Moreover, some avirulent strains were better producers of the antigen than virulent ones. The significance of the data is discussed in relation to the in-vivo situation.
Introduction
Full expression of the virulence of Safmoneffa typhimurium, as judged by accumulation of fluid in rabbit ileal loops, did not correlate with the mere ability of bacteria to associate with ileal mucosa (Worton et al., 1989) ; but it did correlate with the ability to induce a potent leucocyte influx (Wallis et af., 1989) which probably reflects the ability of organisms to invade. However, it was also a function of the phenotype of the virulent strains. Previous work (Clarke et af., 1988; Wallis et af., 1989) suggested that a cholera-toxin-related antigen (CTRA) might be a factor involved in fluid secretion; also other workers have presented evidence for the production of a cholera toxin (CT)like toxin by S. typhimurium (Sandefur and Peterson, 1976; Finkelstein et af., 1983; Chopra et al., 1987) . Since the CT-like toxin (Chopra et af., 1987) and CTRA (Clarke et af., 1988) are not identical to CT, further biochemical and biological character-isation of CTRA is necessary, and such work would benefit from a clearer understanding of the expression of CTRA. This would allow maximal production in normal laboratory situations, without access to facilities for handling pathogens in large batch or continuous culture.
Nutritional factors play an important role in the expression of many bacterial toxins. For expression of CT in vitro by Vibrio choferae, media have been defined (Callahan and Richardson, 1973 ; Iwanaga and Yamamoto, 1985; Iwanaga et af., 1986) and optimal cultural conditions have been developed (Callahan and Richardson, 1973 ; Fernandes and Smith, 1977; Shimamuraet af., 1985) ; some factors, e.g., thiols, are deleterious to CT production (Shimamura et a f . , 1986). Enhancement of the expression of the heat-labile toxin (LT) produced by Escherichia cofi has also been studied (Gilligan and Robertson, 1979) .
Similarly, the influence of varied cultural conditions on the expression of CT-like toxin by Salmonelfa spp. has been investigated (Molina and Peterson, 1980; Koo and Peterson, 1981) , and also the influence of various antibiotics (Molina and Peterson, 1980; Houston et af., 1981; Peterson et al., 1981; Sobeh and Vadehra, 1984) . We report here an investigation into the influence of cultural conditions on the expression of CTRA in S. typ h imur ium .
Materials and methods

Bacteria
Six strains of S. typhimurium, described by Clarke et al. (1988) , were used. Briefly, on the basis of the rabbit ileal loop test, strains W118 and TML which were invasive and induced fluid secretion (+ + biotype) were considered virulent; strains SL1027, LT7 and M206 which were invasive but induced negligible fluid secretion (+ -biotype) were considered avirulent; and strain Thax-1 which was non-invasive and did not induce fluid secretion (-biotype) was also considered avirulent.
Bacterial culture
Strains of S. typhimurium, stored at -20°C or -70°C (Wallis et al., 1986) , were thawed at room temperature and inoculated into 80 ml of medium: Casamino acids (Oxoid) 10 g/L, yeast extract (Lab M, Bury) 1.5 g/L, MgS04 0-08 g/L, pH 8.0 (CYE); or Hartley Digest Broth (HDB ; Oxoid). Organisms were cultured overnight at 37"C, with shaking (120 rpm), and the stated number of organisms was transferred to 200ml of CYE or HDB medium and incubated at 37"C, with shaking.
Subculture. After incubation for 4-5 h, cells were harvested by centrifugation (10 000 g, 10 min, 4"C), resuspended in fresh medium at 37"C, and incubated for a further 2 or 3 hat 37"C, with shaking. This resuspension and re-incubation was sometimes repeated once or twice (see Results).
Antiserum to cholera toxin (CT)
This was prepared by immunisation of New Zealand White rabbits (2.0-2.5 kg) with immunopurified cholera toxoid, as described by Clarke et al. (1988) .
Bacterial counts
Quantitative assessment of organisms expressing CTRA .
Cultures were assessed for CTRA by the fluorescentlylabelled-antibody technique of Clarke et al. (1988) . Briefly, cells fixed to glass slides with dry acetone were washed in fluorescen t-anti body phosphate-buffered saline (FAPBS: NaCl 8.5 g/L, Na2HP04 1.07 g/L, NaH2P04.2H20 0.39 g/L; pH 7.1), placed in blocking solution of BSA 3% w/v, washed in FAPBS, incubated with anti-CT, washed in FAPBS and probed with FITClabelled goat-anti-rabbit serum (Wellcome). After mounting, counts of fluorescently labelled bacteria and total bacteria were obtained from photographs of the same fields taken under UV and phase-contrast illumination respectively. From the mean counts for three fields, the ratio of fluorescent to non-fluorescent organisms was calculated, thus giving the proportion of antigen-bearing organisms. Total counts were made in a Thoma chamber.
Storage of bacterial suspensions at 4°C
After growth in CYE medium, bacteria were centrifuged (10 000 g, 10 min, 4"C), washed in FAPBS (4"C, 2min), resuspended in FAPBS and stored at 4°C. At various intervals up to 18 h, samples were examined for CTRA by fluorescent-antibody labelling (Clarke et al., 1988) .
Comparison of inocula of diferent sizes
Except where indicated, experiments were performed on strain SL1027 because it had been shown previously to be a good producer of CTRA (Clarke et al., 1988) . Within each experiment, comparisons of inocula were made on the same day from one stock culture, with the same preparation of medium.
Results
Influence of inoculum size and subculture
Different numbers of organisms of strain SL1027 were inoculated into CYE medium, and incubated for 4 h; the organisms were harvested, resuspended in fresh medium, and incubated for a further 2-3 h. This subculture procedure was repeated, once or twice in different experiments (table I) .
The effect of subculture was to increase the total numbers of organisms, and in most experiments to lessen the drop in the proportion of organisms expressing CTRA as compared with that observed between 4 h and 6 h in uninterrupted culture (72% to 29%; Clarke et al., 1988). Increase in size of inoculum, over the range lo6-lo8 organisms/ml, tended to reduce the proportion of organisms expressing CTRA.
Influence of alternative media
Strain SL1027. With an inoculum of lo6 bacteria/ ml, growth in CYE and HDB media was compared after initial incubation for 4 h and after further incubation of subcultures for 2 h (table 11). The total counts were similar in the two media; but the proportion of organisms expressing CTRA was greater in HDB than in CYE after 4 h, and was reduced to a lesser extent after further subculture.
The production of CTRA in HDB medium was observed over a period of 7 h (figure). Up to 5 h, Final total bacterial count (organisms/ml) from initial inoculum of (orgs/ml) Percentage of total count expressing CTRA$ after initial inoculum of (orgs/ml) the numbers of bacteria expressing CTRA were similar to the total counts. After 5 h, the numbers expressing CTRA remained approximately constant, whereas the total counts continued to increase, though less sharply.
Other strains of S . typhimurium. From the results shown in the figure, a single period of incubation (5 h) was chosen to compare CTRA production in other strains. A similarly increased proportion of organisms expressing CTRA was observed for each strain in HDB medium compared with CYE medium (table 111) . Some avirulent strains (SL1027, M206, Thax-1) were better producers of the antigen than virulent strains (TML, W 118).
Because the maximum number of organisms expressing CTRA was reached at 5 h with strain SL1027, the effect of subculture at this stage was examined (table 111) . The total cell count was higher in the 2-h subculture, and there was still a high proportion of organisms expressing CTRA.
Stability of CTRA at 4°C
The stability of CTRA in cells stored at 4°C was observed in strain SL1027 (table IV). After growth from different inocula, the proportion of fluorescently-labelled organisms remained approximately constant over an 18-h storage period.
Discussion
The expression of CTRA in strains of S . typhimurium has been examined previously by a fluorescent-anti body labelling technique (Clarke et  al., 1988) . It was shown that a rapid increase in antigen production occurred, peaking in early-to mid-log phase (after about 4 h); subsequently there was a decrease in the proportion of organisms expressing the antigen. In the present study, we have demonstrated conditions in which a greater proportion of organisms expressed CTRA over a longer period, the numbers of fluorescently-labelled bacteria increasing logarithmically together with total numbers, up to c. 5 h. This substantiates the previous view that the expression of CTRA was related to growth phase. Other parameters also influenced the expression of CTRA. In general, the greater the size of the initial inoculum, the lower was the proportion of bacteria expressing CTRA. The reason is unknown ; but when examined in conjunction with the On: Thu, 27 Dec 2018 06:11:44 S. TYPHIMURIUM ANTIGEN RELATED TO CHOLERA TOXIN 217 influence of growth phase, it is conceivable that a non-growth-limiting component of the medium regulates expression of the antigen. The more rapid exhaustion of this component with a larger inoculum may lead to expression of CTRA by a lower final proportion of bacteria.
The influence of the composition of the medium was demonstrated by a higher proportion of bacteria expressing CTRA in HDB medium than in CYE medium. Maybe a higher concentration of a non-growth-limiting factor that regulates antigen expression is present in HDB medium than in CYE medium.
These results could be important biologically. Wallis et al. (1989) showed that the number and nature of the challenge organisms is important in rabbit ileal loop tests ; rapid induction of salmonellainduced fluid secretion occurred only when > lo7 organisms of the right phenotype were injected. Thus, in a natural infection by the oral route, rapid onset of disease may occur only if sufficient organisms bearing preformed toxin are present in contaminated food; we await the development of a suitable model to study this. Alternatively, the correct phenotype of organisms for disease causa- tion may occur after ingestion of a strain of the correct genotype but initially of incorrect phenotype ; retention and subsequent growth of organisms within the lumen or the mucosa of the intestine, or in both, under appropriate growth conditions in vivo, would need to occur for expression of CTRA. This could explain a more lengthy incubation period before the onset of disease, if the antigen is a virulence factor; we are attempting to study the timing and relevance of antigen-expression in vivo. Furthermore if, as suggested by Wallis et al. (1 989) , CTRA should prove to be an important virulence factor in the causation of fluid secretion, then the finding that some avirulent strains seem to be better producers than virulent ones (table 111), again emphasises that other factors also must play a part in full expression of virulence.
Finally, our present study of the optimal cultural conditions for the expression of CTRA, in vitro, will facilitate fractionation and purification ; our demonstration of the stability of the antigen at 4°C is encouraging. 
